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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: MESTDAGH, Denis J.G., FARGERE, Gerard and ISAKSSON, Mikael 

Serial No.: Unassigned 

Filing Date: Herewith 

For: MULTISTANDARD DMT DSL TRANSMISSION SYSTEM 

Examiner: Unassigned 
Art Unit: Unassigned 

Commissioner for Patents 

Box Patent Application (DO/EO/US) 

Washington, D.C. 20231 

PRELIMINARY AMENDMENT 

Sir/Madam: 

Prior to examination, please amend the above-identified application as follows: 

IN THE SPECIFICATION 
Please replace the bottom paragraph on page 1 . 

Current VDSL standardization proposals contemplate the use of frequencies up to 11.04 

mhz.. 

Please replace the second paragraph on page 4, lines 4-6. 

An object of the invention is to provide a transmission system which allows a single 
modem to exploit many DSL standards with a low complexity. 

Please replace the paragraphs on page 6, commencing on line 12 through line 27, as 

shown. 

As illustrated by the spectrum of figure 5, an aspect of the invention is to extend the 
spectrum of an ADSL-Lite transmission in order to approach the maximum frequency used in 
conventional VDSL systems, i.e. 1 1 .04 MHz. The number of tones should be a power of 2 to be 
compatible with IFFT and FFT circuits of conventional architecture. In the embodiment of figure 
5, the invention uses either 2048 or 4096 tones spaced by 4.3125 KHz. By using 2048 tones, the 
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last tone has a frequency of 8.832 MHz, whereby the transmission rate is slightly reduced with 
respect to a system which uses tones up to the design limit of 1 1.04 MHz. In fact, this does not 
significantly reduce the transmission rate, because, in most cases, the last tones near 1 1.04 MHz 
can only convey very little information or no information at all due to a large attenuation. 

However, in case the transmission conditions are excellent, the invention allows the use 
of 4096 tones spaced by 4.3125 KHz, whereby the last tone has a frequency of 17.664 MHz. 

Please replace the first last paragraph on page 6 as shown. 

To transmit data according to the ADSL or ADSL-Lite standards with the above solution, 
it is sufficient to just use the first 128 or 256 tones by providing corresponding coefficients to the 
first frequency domain inputs of the IFFT circuit, and by zeroing the remaining inputs. In 
reception mode, the FFT circuit will extract and provide to its first 128 or 256 outputs the desired 
coefficients, the remaining coefficients being zero. 

Please replace the first two paragraphs on page 7 as shown. 

The only modification needed to the transmission system is to provide zero-padding and 
depadding circuitry for adapting the low rate of the effective digital data transmission to the 
fixed high operation speed of the IFFT and FFT circuits. 

A drawback of such a system is however that it operates at the highest frequency, adapted to the 
highest transmission rate, whereas the effective data transmission rate may be much lower. This 
causes unnecessary extra power consumption by the analog front-end. 

Please replace the paragraph on page 8 commencing on line 16 through line 26 as shown. 

To avoid this, the invention provides IFFT and FFT circuits of variable size, which is 
equivalent to making variable the number of tones used by the system. Then, if the size of the 
IFFT an FFT circuits is reduced by a factor k, it is sufficient to reduce the operating speed of the 
IFFT and FFT circuits by the same factor k to maintain the spacing between the tones. In the 
example of figure 6, the number of tones will be reduced by a factor 8, whereby the IFFT and 
FFT circuits would operate 8 times slower, i.e. at 2.208 MHz, the same frequency as analog-to- 
digital converter 24. Decimator 30 and interpolator 32 are unnecessary. 
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Please replace the paragraph on page 1 1 which commences on line 4 through line 17 as 

shown. 

It is designed, for VDSL-TDD and VDSL "Zipper" modems, that the tones will be used 
in an initial phase to transmit modem identification signatures. In other words, a transmitting 
modem, before establishing a communication, will send a signal conveying specific tones or 
"bare" carriers, chosen depending on the standard among the possible tones. The receiving 
modem will detect which tones are present in the signal and identify the standard accordingly. 
For this purpose, the receiving modem should be "tuned-in" on the transmitting modem from the 
start, i.e. use at least the tones used by the transmitting modem. Every 8th or every 4th tone of a 
VDSL Zipper modem is used by a VDSL-TDD modem, whereby such an identification phase is 
possible in both directions if only the 256 or 512 tones of the VDSL-TDD system are used for 
the signatures. 

IN THE CLAIMS 

1 . (Amended) A digital subscriber line transmission system using QAM modulation 
on N-2048 or 4096 tones spaced by 4.3125 kHz, including at least two operating modes: 

a VDSL standard operating mode where all N tones are used to convey significant values; 

and 

an ADSL standard operating mode where only the first n=128 or 256 among the N tones 
are usd to convey significant values. 

2. (Amended) The system of claim 1 , comprising, on the transmitter side: 
an inverse fast Fourier transform circuit having N frequency domain value inputs 

corresponding to said tones, among which only the first receive values corresponding to the n 
used tones, the remaining inputs being zeroed, 

a decimator providing one sample for every r samples output by the inverse fast Fourier 
transform circuit, with r = N/n, and 

a digital-to-analog converter coupled between the decimator and a subscriber line. 
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3 . (Amended) The system of claim 2, comprising, on the receiver side: 

an analog-to-digital converter sampling the signal on the subscriber line at a frequency 
F/r, where F is the operating frequency of the inverse fast Fourier transform circuit; 

an interpolator generating samples at frequency F from the samples provided by the 
analog-to-digital converter; and 

a fast Fourier transform circuit operating at frequency F and receiving the samples from 
the interpolator through a time domain equalizer; 

wherein, when all N tones are used, the time domain equalizer is bypassed. 

4. (Amended) The system of claim 1 comprising, at a transmitter side, an inverse 
fast Fourier transform circuit having: 

a number of frequency domain inputs selectable at least among values N and n; and 
an operating frequency selectable at least among two values F and fn proportional, 
respectively, to the frequency of the last of the N tones and the last of the n tones. 

5 . (Amended) The system of claim 4, comprising, at a receiver side, a fast Fourier 
transform circuit having: 

a number of frequency domain outputs selectable at least among values N and n; and 
an operating frequency selectable at least among values F and fn. 

6. (Amended) The system of claim 5 , wherein each of the inverse fast Fourier 
transform and fast Fourier transform circuits includes five radix-4 stages and a last stage having 
a radix selectable among 2 and 4, all connected to operate in pipeline mode, the desired number 
of frequency domain inputs or outputs of the circuit being selectable by passing an appropriate 
number of stages and by selecting the radix of the last stage. 
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REMARKS 

This is a preliminary amendment in which the claims have been amended to place them 
in better form before initial examination by the Examiner. In addition, changes have been made 
to the specification to improve readability. No new matter has been introduced by these changes. 
Favorable action is hereby earnestly solicited. 

Respectfully submitted, 




Registration No. 34,68 1 
WOLF, GREENFIELD & SACKS, P.C. 
600 Atlantic Avenue 
Boston, MA 02210 
Tel. (617)720-3500 
Attorneys for the Applicant(s) 



Attorney's Docket No. S 1 022/83 1 5 
Dated: May 23, 2001 
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AMENDED SPECIFICATION SHOWING THE AMENDMENTS 
Please replace the bottom paragraph on page 1 . 

Current VDSL standardization proposals [devise] contemplate the use of frequencies up 
to 11.04 mhz. 

Please replace the second paragraph on page 4, lines 4-6. 

An object of the invention is to provide a transmission system which [will allow] allows 
a single modem to exploit many DSL standards with a low complexity. 

Please replace the paragraphs on page 6, commencing on line 12 through line 27, as 

shown. 

As illustrated by the spectrum of figure 5, an aspect of the invention is to extend the 
spectrum of an ADSL-Lite transmission in order to approach the maximum frequency used in 
conventional VDSL systems, i.e. 1 1 .04 MHz. The number of tones should be a power of 2 to be 
compatible with IFFT and FFT circuits of conventional architecture. In the embodiment of figure 
5, the invention uses either 2048 or 4096 tones spaced by 4.3 125 KHz. By using 2048 tones, the 
last tone has a frequency of 8.832 MHz, whereby the transmission rate is slightly reduced with 
respect to a system which uses tones up to the [devised] design limit of 1 1 .04 MHz. In fact, this 
does not significantly reduce the transmission rate, because, in most cases, the last tones near 
1 1 .04 MHz can only convey very little information or no information at all due to a large 
attenuation. 

However, in case the transmission conditions are excellent, the invention [provides] 
allows the use of 4096 tones spaced by 4.3125 KHz, whereby the last tone has a frequency of 
17.664 MHz. 

Please replace the first last paragraph on page 6 as shown. 

To transmit data according to the ADSL or ADSL-Lite standards with the above solution, 
it is sufficient to just use the first 128 or 256 tones by providing corresponding coefficients to the 
first frequency domain inputs of the IFFT circuit, and by zeroing the remaining inputs. In 
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reception mode, the FFT circuit will extract and provide to its first 128 or 256 outputs the 
[wanted] desired coefficients, the remaining coefficients being zero. 

Please replace the first two paragraphs on page 7 as shown. 

The only modification [to bring to] needed to the transmission system is to provide zero- 
padding and depadding circuitry for adapting the low rate of the effective digital data 
transmission to the fixed high operation speed of the IFFT and FFT circuits. 
A drawback of such a system is however that it operates at the highest frequency, adapted to the 
highest transmission rate, whereas the effective data transmission rate may be much lower. This 
causes unnecessary extra power consumption [of] by_ the analog front-end. 

Please replace the paragraph on page 8 commencing on line 16 through line 26 as shown. 

To avoid this, the invention provides IFFT and FFT circuits of variable size, which is 
equivalent to making variable the number of tones used by the system. Then, if the size of the 
IFFT an FFT circuits is reduced by a factor k, it is sufficient to reduce the operating speed of the 
IFFT and FFT circuits by the same factor k [for maintaining] to maintain the spacing between 
the tones. In the example of figure 6, the number of tones will be reduced by a factor 8, whereby 
the IFFT and FFT circuits would operate 8 times slower, i.e. at 2.208 MHz, the same frequency 
as analog-to-digital converter 24. Decimator 30 and interpolator 32 are unnecessary. 

Please replace the paragraph on page 11 which commences on line 4 through line 17 as 

shown. 

It is [devised] designed , for VDSL-TDD and VDSL "Zipper" modems, that the tones will 
be used in an initial phase to transmit modem identification signatures. In other words, a 
transmitting modem, before establishing a communication, will send a signal conveying specific 
tones or "bare" carriers, chosen depending on the standard among the possible tones. The 
receiving modem will detect which tones are present in the signal and identify the standard 
accordingly. For this purpose, the receiving modem should be "tuned-in" on the transmitting 
modem from the start, i.e. use at least the tones used by the transmitting modem. Every 8th or 
every 4th tone of a VDSL Zipper modem is used by a VDSL-TDD modem, whereby such an 



534610.1 



Page 3 Express Mail Label No. EL840357000US 

Attorney's Docket No. S1022/8315 
Date Mailed: May 23, 2001 

identification phase is possible in both directions if only the 256 or 512 tones of the VDSL-TDD 
system are used for the signatures. 
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AMENDED CLAIMS SHOWING THE AMENDMENTS 

1 . (Amended) A digital subscriber line transmission system using QAM modulation 
on N-2048 or 4096 tones spaced by 4.3 125 kHz 5 [characterized in that it has] including at least 
two operating modes: 

[-] a VDSL standard operating mode where all N tones are used to convey significant 
values; and 

[-] an ADSL standard operating mode where only the first n=128 or 256 among the N 
tones are usd to convey significant values. 

2. (Amended) The system of claim 1 , [characterized in that it comprises] 
comprising , on the transmitter side: 

[-] an inverse fast Fourier transform [(IFFT)] circuit [(12)] having N frequency domain 
value inputs corresponding to said tones, among which only the first receive values 
corresponding to the n used tones, the remaining inputs being zeroed, 

[-] a decimator [(30)] providing one sample for every r samples output by the [IFFT] 
inverse fast Fourier transform circuit, with r = N/n, and 

[-] a digital-to-analog converter [(14)] coupled between the decimator and a subscriber 
line [(10)]. 

3. (Amended) The system of claim 2, [characterized in that it comprises] 
comprising , on the receiver side: 

[-] an analog-to-digital converter [(24)] sampling the signal on the subscriber line at a 
frequency F/r, where F is the operating frequency of the [IFFT] inverse fast Fourier transform 
circuit; 

[-] an interpolator [(32)] generating samples at frequency F from the samples provided by 
the analog-to-digital converter; and 

[-] a fast Fourier transform [(FFT)] circuit operating at frequency F and receiving the 
samples from the interpolator through a time domain equalizer [(26)]; 

wherein, when all N tones are used, the time domain equalizer is bypassed. 
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4. (Amended) The system of claim 1 comprising, at a transmitter side, an [IFFT] 
inverse fast Fourier transform circuit [(12)] having: 

[-] a number of frequency domain inputs selectable at least among values N and n; and 
[-] an operating frequency selectable at least among two values F and fii proportional, 
respectively, to the frequency of the last of the N tones and the last of the n tones. 

5. (Amended) The system of claim 4, [characterized in that it comprises] 
comprising , at a receiver side, [an FFT] a fast Fourier transform circuit [(20')] having: 

[-] a number of frequency domain outputs selectable at least among values N and n; and 
[-] an operating frequency selectable at least among values F and fh. 

6. (Amended) The system of claim 5, [characterized in that] wherein each of the 
[IFFT] inverse fast Fourier transform and [FFT] fast Fourier transform circuits includes five 
radix-4 stages [(34)] and a last stage [(36)] having a radix selectable among 2 and 4, all 
connected to operate in pipeline mode, the desired number of frequency domain inputs or outputs 
of the circuit being selectable by passing an appropriate number of stages and by selecting the 
radix of the last stage. 
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MULT I STANDARD DMT DSL TRANSMISSION SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to discrete multitone 
(DMT) based digital subscriber line (DSL) transmission systems 
5 which allow high speed communication on twisted pair telephone 
lines . The invention relates more specifically to a VDSL (Very 
high speed DSL) system which can be used with several existing 
or forthcoming standards. 
Discussion of the Related Art 

10 Figure 1 shows the spectrum of a signal transmitted 

according to the ADSL and ADSL-Lite (asymmetric DSL) standards. 
The ADSL standard uses quadrature amplitude modulation (QAM) on 
each of 256 tones, the tones being equally spaced by 
4,3125 kHz. Thus, as shown, the last tone has a frequency of 

15 1.104 MHz. The ADSL-Lite standard only uses the first 128 
tones . 

As shown, a gap is left at the beginning of the 
spectrum for "plain old telephone services" (POTS) . 

According to the ADSL standards, most of the tones 
2 0 are used for reception, the few remaining tones being used for 
transmission, hence the term "asymmetric DSL" . 

Current VDSL standardization proposals devise the use 
of frequencies up to 11.04 MHz. 
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Figure 2 shows the spectrum of a signal transmitted 
by a conventional VDSL time domain duplexing (TDD) system such 
as described in "VDSL Alliance SDMT VDSL Draft Standard 
Proposal", ETSI STC/TM6, 973T13R0, Lannion, France, September 
5 29-October 3, 1997. This system uses 256 or 512 tones spaced, 
respectively, by 43 or 21.5 kHz. The last tone has a frequency 
of 11.04 MHz. All the tones are used for a same transmission 
direction at one time, the transmission direction being 
switched every other transmitted symbol. 

10 Figure 3 shows the spectrum a signal transmitted by a 

conventional VDSL "Zipper" system as disclosed in patent 
application WO 97/06619. It uses 2048 tones spaced by 
5.375 kHz, the last tone also having a frequency of 11.04 MHz. 
In this system, the tones used for transmission and for 

15 reception are chosen dynamically in order to cancel near-end 
crosstalk and near-end echoes. 

Figure 4 very schematically shows a DSL transmission 
system at one end of a telephone line 10. An inverse fast 
Fourier transform (IFFT) circuit 12 receives N complex 

2 0 frequency domain coefficients, where N is the number of tones 

used by the system, i.e. 128 or 256 for the ADSL standards, 256 
or 512 for the VDSL TDD system, and 2048 for the VDSL Zipper 
system. The IFFT circuit 12 generates, for each set of N 
coefficients, a time domain symbol. A symbol is thus the sum of 
25 N sinusoidal subcarriers of different frequencies corresponding 
respectively to the tones. The amplitude and phase of each 
subcarrier is determined by the corresponding frequency domain 
coefficient received by the IFFT circuit. The symbols are 
processed by a digital -to -analog converter 14 and a low-pass 

3 0 filter 16 and then transferred onto telephone line 10 through a 

hybrid line interface 18 . 

A cyclic prefix and a cyclic suffix are added to the 
symbol output by IFFT circuit 12 at 19. The cyclic prefixes are 
intended to eliminate intersymbol interference in the far-end 
35 receiver by providing a guard period during which the 
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propagation transients of the line may decay. The cyclic suffix 
is intended to cancel the effects of the sampling of 
discontinuities in near-end echoes* 

Line interface 18 also receives incoming symbols from 
5 line 10. These incoming symbols are provided to a fast Fourier 
transform (FFT) circuit 20 through a low-pass filter 22, an 
analog-to-digital converter 24 and, if necessary, through a 
time domain equalizer 26. 

The above mentioned cyclic prefix, in order to 
10 accomplish its role, has a minimum length independent of the 
symbol length. In DSL systems using a relatively low number of 
tones, such as ADSL and VDSL TDD, the transmitted symbols are 
short, whereby the minimum length of the cyclic prefix is so 
long that it causes a substantial efficiency loss in the data 
15 transmission. In this case, the cyclic prefix is chosen shorter 
than necessary and it is the role of the time domain equalizer 
26 to complement the short cyclic prefixes in the elimination 
of the intersymbol interference. 

In DSL systems using a large number of tones, such as 

2 0 in the VDSL Zipper system, the generated symbols are so long 

that the cyclic prefixes can be chosen at the necessary length 
without substantially affecting the efficiency of the 
transmission. In such systems, the time domain equalizer 26 is 
omitted. 

25 Moreover, in a VDSL TDD system, since the I FFT 

circuit and FFT circuit are never used at the same time, it is 
a single circuit which performs both functions. 

The I FFT and FFT circuits operate at least at twice 
the frequency of the last tone used by the system, i.e. 

3 0 1.104 MHz for ADSL-Lite, 2.208 MHz for ADSL, and 22.08 MHz for 

the known VDSL systems . 

It is clear that the ADSL standards and forthcoming 
VDSL standards differ in many ways (the number of used tones, 
the spacing between the tones, the operation frequency of the 
35 I FFT and FFT circuits...), which is likely to increase the 
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number of types of modems capable of exploiting these 
standards . 

SUMMARY OF THE INVENTION 

An object of the invention is to provide a 
5 transmission system which will allow a single modem to exploit 
many DSL standards with a low complexity. 

To achieve this and other objects, the invention 
provides a digital subscriber line transmission system using 
QAM modulation on several equally spaced discrete tones . At a 
10 high transmission rate, the system uses N = 4096/p tones spaced 
by 4.3125 kHz, where p is a power of 2 (p = 1, 2, 4, 8. . .) . 

According to an embodiment of the invention, for 
transmitting at a low transmission rate according to an ADSL 
standard, only the first n = 128 or 256 tones are used with 
15 p = 1. 

According to an embodiment of the invention, the 
system comprises, on the transmitter side, an inverse fast 
Fourier transform circuit having N frequency domain value 
inputs corresponding to said tones, among which only the first 

2 0 receive values corresponding to the n used tones, the remaining 

inputs being zeroed, a decimator providing one sample for every 
r samples output by the IFFT circuit, with r = N/n, and a 
digital -to- analog converter coupled between the decimator and a 
subscriber line. 

25 According to an embodiment of the invention, the 

system comprises, on the receiver side, an analog- to-digital 
converter sampling the signal on the subscriber line at a 
frequency F/r, where F is the operating frequency of the IFFT 
circuit; an interpolator generating samples at frequency F from 

3 0 the samples provided by the analog-to-digital converter; and a 

fast Fourier transform circuit operating at frequency F and 
receiving the samples from the interpolator through a time 
domain equalizer. When all N tones are used, the time domain 
equalizer is bypassed. 
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According to an embodiment of the invention, the 
system is applicable to a standard using n first tones among 
the N tones, where n is a power of 2 . It comprises, at a 
transmitter side, an IFFT circuit having a number of frequency 
5 domain inputs selectable at least among values N and n; and an 
operating frequency selectable at least among two values F and 
fn proportional, respectively, to the frequency of the last of 
the N tones at the high transmission rate, and to the last of 
the n tones. 

10 According to an embodiment of the invention, the 

system comprises, at a receiver side, an FFT circuit having a 
number of frequency domain outputs selectable at least among 
values N and n; and an operating frequency selectable at least 
among values F and fn. 

15 According to an embodiment of the invention, each of 

the IFFT and FFT circuits includes five radix- 4 stages and a 
last radix- 2 or radix- 4 stage connected to operate in pipeline 
mode, the desired number of frequency domain inputs or outputs 
of the circuit being selected by bypassing an appropriate 

2 0 number of stages and by selecting the radix of the last stage. 

The foregoing and other objects, features, aspects 
and advantages of the invention will become apparent from the 
following detailed description of embodiments, given by way of 
illustration and not of limitation with reference to the 
25 accompanying drawings. 

Brief Description of the Drawing's 

Figure 1, previously described, shows a spectrum of 
signals transmitted according to the ADSL and ADSL-Lite 
standards ; 

3 0 figure 2, previously described, shows a spectrum of 

signals transmitted in a conventional VDSL TDD system; 

figure 3, previously described, shows a spectrum of 
signals transmitted in a conventional VDSL "Zipper" system; 

figure 4 partially and schematically shows a DSL 
3 5 transmission system; 
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figure 5 shows a spectrum of signals transmitted in 
an embodiment of a VDSL system according to the invention; 

figure 6 partially and schematically shows an 
embodiment of a VDSL system according to the invention 
5 adaptable to the ADSL and ADSL- Lite standards; 

figure 7 schematically shows an embodiment of an IFFT 
circuit used in a VDSL system according to the invention; and 

figure 8 schematically shows an architecture of a 
universal DSL modem according to the invention, incorporating 
10 IFFT and FFT circuits according to figure 7. 
Detained Description 

As illustrated by the spectrum of figure 5, an aspect 
of the invention is to extend the spectrum of an ADSL- Lite 
transmission in order to approach the maximum frequency used in 
15 conventional VDSL systems, i.e. 11.04 MHz . The number of tones 
should be a power of 2 to be compatible with IFFT and FFT 
circuits of conventional architecture. In the embodiment of 
figure 5, the invention uses 4096 tones spaced by 4.3125 kHz, 
whereby the last tone has a frequency of 17.664 MHz . By using 

2 0 2048 tones, the last tone would have a frequency of 8.832 MHz, 

whereby the transmission rate is significantly reduced with 
respect to a system which uses tones up to the devised limit of 
11.04 MHz. 

An aspect of the invention is to note that such a 
25 system, using 2048 tones or 4096 tones, is immediately usable 
with any standard using fewer tones at the same spacing, such 
as 128 or 256 (ADSL-Lite, ADSL) . 

To transmit data according to the ADSL or ADSL-Lite 
standards with the above solution, it is sufficient to just use 

3 0 the first 128 or 256 tones by providing corresponding 

coefficients to the first frequency domain inputs of the IFFT 
circuit, and by zeroing the remaining inputs. In reception 
mode, the FFT circuit will extract to its first 128 or 256 
outputs the wanted coefficients, the remaining coefficients 
35 being zero. 
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The only modification to bring to transmission system 
is to provide zero-padding and depadding circuitry for adapting 
the low rate of the effective digital data transmission to the 
fixed high operation speed of the IFFT and FFT circuits . 
5 A drawback of such a system is however that it 

operates at the highest frequency, adapted to the highest 
transmission rate, whereas the effective data transmission rate 
may be much lower. This causes unnecessary extra power 
consumption of the analog front -end. 

10 Figure 6 schematically shows an embodiment of a 

transmission system operating as described above and 
additionally provided with circuitry for reducing the power 
consumption. As an example, the system is intended to operate 
with 4096 tones and is used with the ADSL standard, which will 

15 only use 256 tones. As shown, only the first 256 inputs of IFFT 
circuit 12 and the 256 first outputs of FFT circuit 2 0 are 
used. 

The IFFT and FFT circuits operate at 35.228 MHz, i.e. 
twice the frequency of the last of the 4096 tones. The IFFT 
2 0 circuit 12 thus generates samples at 35.228 MHz. These samples 
are provided to a decimator 30 which provides only every 16th 
sample to digital -to- analog converter 14. Digital -to- analog 
converter 14 then operates 16 times slower, i.e. at 2.2 08 MHz. 
Of course, the cut-off frequency of the low-pass filters 16 and 

2 5 22 is adapted to the frequency of the digital-to-analog 

converter 14. 

The analog-to-digital converter 24 is clocked to 
sample the received signal 16 times slower, i.e. at 2.208 MHz, 
and the samples are provided to an interpolator 32 which 

3 0 generates the missing samples to provide to FFT circuit 20 at 

35.228 MHz. 

With the above example, the power consumed by 
converters 14 and 24 is substantially reduced. This power 
consumption will be further reduced if the ADSL-Lite standard 
35 is used with the system. 
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When the system is used at its highest transmission 
rate, the decimator 30 and the interpolator 32 are bypassed as 
shown by switches, and the analog- to-digital converter 24 is 
clocked at the same speed as the IFFT and FFT circuits, i.e. 
5 35.228 MHz in the example. 

A purpose of a second embodiment of the invention is 
to further reduce the power consumption when the system is used 
at lower transmission rates . 

In order to reduce the power consumption, it would be 
10 useful to also adapt the operating frequency of the IFFT and 
FFT circuits to the transmission rate effectively used, like 
the clock frequency of analog-to-digital converter 24 in figure 
6. However, by changing the operating frequency of the IFFT and 
FFT circuits, the spacing of the tones is also changed, which 
15 is not desired. 

To avoid this, the invention provides IFFT and FFT 
circuits of variable size, which is equivalent to making 
variable the number of tones used by the system. Then, if the 
size of the IFFT an FFT circuits is reduced by a factor k, it 

2 0 is sufficient to reduce the operating speed of the IFFT and FFT 

circuits by the same factor k for maintaining the spacing 
between the tones. In the example of figure 6, the number of 
tones will be reduced by a factor 16, whereby the IFFT and FFT 
circuits would operate 16 times slower, i.e. at 2.2 08 MHz, the 
25 same frequency as analog- to-digital converter 24. Decimator 30 
and interpolator 32 are unnecessary. 

With this system, the total power consumption will be 
substantially proportional to the effective transmission rate 
used on the system. 

3 0 In contrast to what could be expected, making 

variable the number of inputs or outputs of an IFFT or FFT 
circuit is particularly simple if the number remains a power of 
2 . 

Figure 7 schematically illustrates an IFFT circuit of 
35 a conventional pipeline type, modified according to the 
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invention for making the number of inputs variable* The IFFT 
circuit comprises 5 pipelined radix- 4 stages 34 followed by a 
last stage 36 which may be switched between radix- 2 and radix - 
4, The number of frequency domain inputs of the IFFT circuit is 
5 equal to the product of the radices of the stages. If the last 
stage is a radix-2, the IFFT circuit has 2 048 inputs, whereas 
if the last stage is a radix-4, the IFFT circuit has 4096 
inputs . 

Preferably, the last stage 36 can be switched between 
10 a radix- 4 or radix-2 operation mode by a switch signal R2 . For 
this purpose, the stage is a full radix-4 and, for operating in 
radix-2 mode, suitable elements of the stage are bypassed. 

Each stage receives and provides complex coefficients 
at the digital data transmission rate. Each complex 
15 coefficient, corresponding at the input of the first stage to 
one data word, has a real part and an imaginary part which are 
processed in two respective cycles, hence the operating 
frequency of the IFFT circuit is twice the data transmission 
rate. The operating frequency is set by a clock signal CK. 
2 0 A radix-4 stage operates on 4 consecutive 

coefficients whereas a radix-2 stage only operates on 2 
consecutive coefficients. Each coefficient provided by the last 
stage 36 is converted into two time domain samples by a complex 
to real converter 38. 

2 5 The number of inputs corresponding to each stage is 

indicated in figure 7 at the bottom of the stages, a first 
value being the number of inputs when the last stage 36 is a 
radix-2, and a second value being the number a inputs when the 
last stage 36 is a radix-4. It thus clearly appears that the 

3 0 number of inputs of the IFFT circuit is selectable by bypassing 

one or several first stages of the circuit and by suitably 
selecting the radix of last stage 36. 

For the ADSL-Lite standard, the first two stages 34 
of the IFFT circuit are bypassed by a multiplexer 40, the radix 
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of the last stage 36 is chosen equal to 2, and the clock CK has 
a frequency of 1.104 MHz. 

For the ADSL standard, the first two stages 34 of the 
IFFT circuit are also bypassed by multiplexer 40, the radix of 
5 the last stage 36 is chosen equal to 4, and the frequency of 
clock CK is chosen equal to 2.208 MHz . 

For a VDSL transmission with 2048 tones according to 
figure 5, none of the stages is bypassed, the radix of the last 
stage 36 is chosen equal to 2, and the frequency of clock CK is 
10 chosen equal to 17.664 MHz. 

For a VDSL transmission with 4096 tones according to 
figure 5, none of the stages is bypassed, the radix of the last 
stage 36 is chosen equal to 2, and the frequency of clock CK is 
chosen equal to 17.664 MHz. 
15 A VDSL -TDD transmission would be modified to use a 

maximum frequency of 17.664 or 35.328 MHz instead of 22 MHz. 

For such a modified VDSL -TDD transmission with 512 
tones, the first stage 34 is bypassed by a multiplexer 42, and 
the radix of last stage 36 is chosen equal to 2. 

2 0 For a modified VDSL -TDD transmission with 256 tones, 

the two first stages 34 are bypassed by multiplexer 40, and the 
radix of last stage 36 is chosen equal to 4. 

Finally, for the VDSL transmission of figure 5 with 
4096 tones, none of the stages is bypassed, the radix of the 
25 last stage 36 is chosen equal to 4, and the frequency of clock 
CK is chosen equal to 35.328 MHz. 

An FFT circuit with a selectable number of outputs is 
constructed in the same manner as the IFFT circuit of figure 7 . 
The differences are that the first stage is preceded by a real 

3 0 to complex converter which provides the real and imaginary 

parts of each complex coefficient in reverse order. The initial 
order is re-established at the output of the last stage, which 
is not followed by a complex to real converter. 

Further information on pipeline IFFT and FFT circuits 
35 can be found, for example, in "A Fast Single -Chip 
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Implementation of 8192 Points FFT", IEEE Journal of Solid State 
Circuits, Vol. 30, N°3, March 1995, Pidet, Castelain, Senn, 
Blanc. 

It is devised, for VDSL -TDD and VDSL "Zipper" modems, 
5 that the tones will be used in an initial phase to transmit 
modem identification signatures. In other words, a transmitting 
modem, before establishing a communication, will send a signal 
conveying specific tones or "bare" carriers, chosen depending 
on the standard among the possible tones . The receiving modem 

10 will detect which tones are present in the signal and identify 
the standard accordingly. For this purpose, the receiving modem 
should be "tuned-in" on the transmitting modem from the start, 
i.e. use at least the tones used by the transmitting modem. 
Every 8th or every 4th tone of a VDSL Zipper modem is used by a 

15 VDSL -TDD modem, whereby such an identification phase is 
possible in both directions if only the 256 or 512 tones of the 
VDSL -TDD system are used for the signatures . 

If an ADSL modem should send signatures using 
consecutive tones, a modem according to the invention should be 

2 0 consistent with figure 5, i.e. use a tone spacing of 4.3125 

kHz. However, since the signatures are not yet standardized, it 
may be devised that an ADSL modem will send signatures using 
only every p th tone, where p is a power of 2 . In this case, a 
modem having variable size IFFT and FFT circuits according to 
25 the invention may initially use a tone spacing of 4.3125p kHz 
and 2048/p or 4096/p tones and be switched to use 128 or 256 
tones with a spacing of 4.3125 kHz upon identifying a remote 
ADSL modem. 

Figure 8 partially and schematically shows an 

3 0 architecture of a universal DSL modem incorporating IFFT and 

FFT circuits 12' and 20' as described above. Elements shown in 
previous figures are designated by same reference characters . 
The IFFT circuit 12 1 is preceded by a mapper 50 which 
associates complex coefficients to outgoing digital words. 
35 Circuit 19 which adds cyclic prefixes and cyclic suffixes to 
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the symbols provided by IFFT circuit 12 ' also achieves pulse 
shaping. A windowing or frequency weighted averaging is 
achieved at 52 on the data provided by time domain equalizer 26 
to FFT circuit 20 ! . The output of FFT circuit 20 1 is 
5 successively processed by a frequency domain equalizer 54, a 
radio frequency interference canceller 56 and a demapper 58 
which achieves the inverse function of mapper 50. 

The IFFT and FFT circuits 12' and 20 1 are controlled 
by a controller 60 as described above in relation with figure 

10 7. Controller 60 also sets the sampling frequency of analog-to- 
digital converter 24 at the operating frequency of the IFFT and 
FFT circuits. Moreover, controller 60 bypasses the time domain 
equalizer 26 and the radio frequency interference canceller 26, 
as shown by switches, when the number of tones used by the 

15 system is equal to 2048 or 4096. 

Elements of the architecture of figure 8 which are 
not further described are conventional and can be found in 
modems for existing standards, such as ADSL and ADSL-Lite 
(disclosed in Standard T1.413) . 

2 0 Such alterations, modifications, and improvements are 

intended to be part of this disclosure, and are intended to be 
within the spirit and the scope of the invention. Accordingly, 
the foregoing description is by way of example only and is not 
intended to be limiting. The invention is limited only as 

25 defined in the following claims and the equivalent thereto. 
What is claimed is: 
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^ CLAIMS 

1. A digital subscriber line transmission system 
using QAM modulation on N = 2048 or 4096 tones spaced by 4.3125 
kHz, characterized in that it has at least two operating modes: 

- a VDSL standard operating mode where all N tones 
5 are used to convey significant values; and 

- an ADSL standard operating mode where only the 
first n = 128 or 256 among the N tones are used to convey 
significant values. 

2. The system of claim 1, characterized in that it 
10 comprises, on the transmitter side: 

an inverse fast Fourier transform (XFFT) circuit 
(12) having 3ST frequency domain value inputs corresponding to 
said tones, among which only the first receive values 
corresponding to the n used tones, the remaining inputs being 
15 zeroed, 

a decimator (30) providing one sample for every r 
samples output by the IFFT circuit, with r = N/n, and 

a digital- to- analog converter (14) coupled between 
the decimator and a subscriber line (10) . 

2 0 3. The system of claim 2, characterized in that it 

comprises, on the receiver side: 

an analog-to-digital converter (24) sampling the 
signal on the subscriber line at a frequency F/r, where F is 
the operating frequency of the IFFT circuit; 
25 an interpolator (32) generating samples at 

frequency F from the samples provided by the analog- to- digital 
converter ; and 

a fast Fourier transform (FFT) circuit operating 
at frequency F and receiving the samples from the interpolator 

3 0 through a time domain equalizer (26); 

wherein, when all N tones are used, the time domain 
equalizer is bypassed. 

4, The system of claim 1, comprising, at a 
transmitter side, an IFFT circuit (12 1 ) having: 
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a number of frequency dcmain^inputs selectable at 
least among values N and n; and 

an operating frequency selectable at least among 
two values F and fn proportional , respectively, to the 
5 frequency of the last of the N tones and the last of the n 
tones . 

5. The system of claim 4, characterized in that it 
comprises; at a receiver side, an FFT circuit (20 l ) having: 

a number of frequency domain outputs selectable at 
10 least among values N and n; and 

an operating frequency selectable at least among 
values F and fn, 

6. The system of claim 5, characterized in that each 
of the IFFT and FFT circuits includes five radix- 4 stages (34) 

15 and a last stage (36) having a radix selectable among 2 and 4, 
all connected to operate in pipeline mode, the desired number 
of frequency domain inputs or outputs of the circuit being 
selectable by bypassing an appropriate number of stages and by 
selecting the radix of the last stage. 
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MULT I STANDARD DMT DSL TRANSMISSION SYSTEM 



Abstract 



A digital subscriber line transmission system using 
QAM modulation on several equally spaced discrete tones, uses, 
at a high transmission rate, N = 2048/p or 4096/p tones spaced 
by 4.3125p kHz, where p is a power of 2. 
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French Language Declaration 



En tant que 1'inventeur nomine ci-apres, je declare par le 
present acte que: 

Mon domicile, mon adresse postaie, et ma nationality sont 
ceux figurant ci-dessous a cote* de mon nom. 

Je crois etre le premier inventeur original et unique (si un 
seul nom est mentionne ci-dessous) ? ou Fun des premiers co- 
inventeurs origiriaux (si plusieurs noms sont mentionnes ci- 
©ssous) de l'objet revendiquS, pour lequel une demande de 
bievet a 6t6 deposee concernant Pinvention intitulee: 

":P MULTI STANDARD DMT DSL TRANSMISSION 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated next to my name. 

I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought 
on the invention entitled 

SYSTEM ^ 



iKdont la description est fournie ci-joint a moins que la case 
smvante n'ait ete cochee: 



f : a ete deposee l e 23 MAI 2001./ 



sous 



le numero de demande des Etats-Unis ou le 
numero de demande international PCT 
09/856 738 ^ 

les specifications portant le dossier de l'avocat 
numero 



et modifiee le 

(le cas echeant), 

Je declare par le present acte avoir passe en revue et 
compris le contenu de la description ci-dessus, 
revendications comprises, telles que modiflees par toute 
modification dont il aura ete fait reference ci-dessus. 



Je reconnais devoir divulguer toute information pertinente a 
la brevetabilite, comme de^fini dans le Titre 37, §1.56 du 
Code federal des regiementations. 



the specification of which is attached hereto unless one 
of the following boxes is checked: 



JSp was filed on 



23 MAY 2001 



as United States Application Number or PCT 
International Number 09/856 738 



the specification of which bears attorney 
docket No. 



and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the 
contents of the above identified specification, including 
the claims, as amended by any amendment referred to 
above. 

I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, §1.56. 
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French Language Declaration 



Je revendique par le present acte avoir la priorite etrangere, en 
vertu du Titre 35, §119(a)-(d) ou § 365(b) du Code des Etats- 
Unis, sur toute dernande etrangere de brevet ou certificat 
d'inventeur on, en vertu du Titre 35, § 365(a) du merae Code, 
sur toute dernande internationaie PCT designant au moins un 
pays autre que les Etats-Unis et figurant ci-dessous et, en 
cochant la case, j'ai aussi indique ci-dessous toute dernande 
Strangere de brevet, tout certificat d'inventeur ou toute dernande 
internationaie PCT ayant une date de depdt precedant celle de la 
dernande a propos de laquelle une priorite est revendiquee. 



Prior foreign application^) 
Demande(s)^de brevet anterieure(s) 

?84roi3i:i _ ^ 

(Number) (Country) 
(Numero) (Pa; ^ 



EUROPE ■ 



ays) 



(Number!" 
(Numero) 



(Country) 
(Pays) 



revendique par le present acte tout benefice, en vertu 
Titre 35 § 119(e) du Code des Etats-Unis, de toute 
f giemande de brevet provisoire effectuee aux Etats-Unis et 
I ffigurant ci-dessous. 



^Implication No. ) 



' de dernande) 



(Filing Date) 
(Date de depdt) 



^Application No. ) 
?1 ^(N 0 de dernande) 



(Filing Date) 
(Date de depdt) 



y; Je revendique par le present acte, le benefice, en vertu du Titre 
J=f 5 § 120 du Code des Etats-Unis, de toute dernande de brevet 
;3ffectuee aux Etats-Unis, ou en vertu du Titre 35, § 365(c) du 
^=m€me Code, de toute dernande internationaie PCT designant les 
yEftats-Uhis et figurant ci-dessous et, dans la mesure ou l'objet de 
^hacune des revendications de cette dernande de brevet n*est pas 
J^divulgue dans la dernande anterieure americaine ou 
|=4nternationale PCT, en vertu des dispositions du premier 
paragraphe du Titre 35, § 112 du Code des Etats-Unis, je 
reconnais devoir divulguer toute information pertinente a la 
brevetabilite, comme dSfini dans le Titre 37, § 1.56 du Code 
Federal des reglementations, dont j'ai pu disposer entre la date 
de depdt de la dernande ant6rieure et la date de depot de la 
dernande nationale ou internationaie PCT de la pr^sente 
dernande: 



PCT/EP99/094 75^ 
(Application No.) 
(N° de Dernande) 



November 24, 1999.x 



(Filing Date) 
(Date de Depot) 



I hereby claim foreign priority under Title 35, United 
States Code, §119(a)-(<i) or § 365(b) of any foreign 
applications® for patent or inventor's certificate, or 
§ 365(a) of any PCT International application which 
designated at least one country other than the United 
States, listed below, and have also identified below, by 
checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application 
having a filing date before that of the application on 
which priority is claimed: 

Priority not claimed 
Droit de priorite non revendique 
24 November 1998 1 — c if— 



(Day/Month/Year Filed) 
(Jour/Mois/Annee de depot) 



(Day/Month/Year Filed) 
(Jour/Mois/Ann6e de depdt) 

I hereby claim the benefit under Title 35, United States 
Code, § 119(e) of any United States provisional 
application^) listed below. 



I hereby claim the benefit under Title 35, United States 
Code, §120 of any United States applications) or 
§ 365(c) of any PCT international appIication(s) 
designating the United States, listed below and, insofar as 
the subject matter of each of the claims of this application 
is not disclosed in the prior United States or PCT 
International application in the manner provided by the 
first paragraph of Title 35, United States Code, §112, I 
acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, §1.56 which became available 
between the filing date of the prior application and the 
national or PCT International filing date of this 
application: 



(Status)fPatented, pending abandoned) 
(Statut)(brevete', en cours d'examen, abandonne) 



(Application No.) 
(N°de Dernande) 



(Filing Date) 
(Date de Depdt) 



Je declare par le present acte que toute declaration ci-inciuse est, 
a ma connaissance, veridique et que toute declaration formulae a 
partir de renseignements ou de suppositions est tenue pour 
veridique; et de plus, que toutes ces declarations ont ete 
formulees en sachant que toute fausse declaration volontaire ou 
son equivalent est passible d'une amende ou d'une 
incarceration, ou des deux, en vertu de la Section 1001 du Titre 
18 du Code des Etats-Unis, et que de telles declarations 
volontairement fausses risquent de compromettre la validite de 
la dernande de brevet ou du brevet delivre a partir de celle-ci. 



f StetusKFatented, pending abandoned) 
(Statut)(brevete, en cours d'examen, abandonne*) 

I hereby declare that all statements made herein of my 
own knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and 
that such willful false statements may jeopardize the 
validity of the application or any patent issued thereon. 
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TP 



POUVOIR: En tant que Finventeur cite, je ddsigne par la presents P(les) avocat(s) 
et/ou agent(s) suivant(s) pour qu"il(s) poursuive(nt) la procedure de eerie 
demande de brevet et traite(nt) toute affaire s'y rapportant avec l'Office des 
brevets et des marques: (mentionner le nam et le numero d'enregistrement). 



POWER OF ATTORNEY; As anamed inventor, I hereby appoint the 
following attorney(s) and/or agent(s) to prosecute this application and transact 
all business in the Patent and Trademark Office connected therewith, (list name 
and registration number) 



David Wolf 
George L. Greenfield 
Stanley Sacks 
Edward F. Perlman 
Lawrence M. Green ^ 
Steven J. Henry ^VMl 
Edward R. Gates • | 
Therese A Hendricks 
William R. McClellan 
Ronald J. Krandsdorf 
M Lawrence OHverio 
Jason M. Honeyman 
James H. Morris 



Peter C. Lando 
Gary S. Engelson 
Peter J. Gordon 
Randy J. Pritzker 



17.528. 
17,7^ 

^JSML* Richard F. Giunta 
JZLSfiOr Douglas R. Wolf 
_1L616_ Elizabeth R. Plumer 
^3&3SSU Timothy J. Oyer 
John N. Anastasi 
Helen C Lockhart 
James M Hanifin, Jr. 
Christopher S. Schultz 



Adresser toute correspondance a: 



,29,409 ... 
20.004 



34.65A. 
_^178 - 

36,628 



Paul D. Soririn 
John R VanAmsterdam 
Matthew B, Lowrie 
Robert E. Rigby, Jr. 
Robert A. Skrivanek, Jr. 
Robert M. Abrahamsen 
AlanB. Sherr 
Edward J. Russavage 
William G. Gosz 
Neil P. Ferraro 
Lisa E. Winsor 
Mark Steinberg 



40.212 

33.228 
.36.904 

4U16 
J0.886 

37,482 
"42,147 
337069- 

22ML 
39.188 _ 
.44405^ 
40,822- 



Stephen R Finch 
Joseph Teja, Jr. 
Jeffrey B. Powers 
Alan W. Steele 
Daniel P. McLoughiin 
Robert H. Walat 
Thomas G. Field 
Michael J. Pomianek 
M. Brad Lawrence 
Theodore E. Galanthay 
Lisa K. Jorgenson 
Robert D. McCutcheon 



42,534 



45.157 



45,021 
,45.128 
46,066 



45.596 
, 46,190 
P-47,210 
* 24,122 



34,845 



38,717 



Send correspondence to: 
James H. Morri s 

J^USoseji^d^acks, P.Q 
Federal Re serve Plaza 
T3S 



Adresser tout appel telephoriique a: 
(Nopjfft numero de telephone) 



ySfom complet de Punique ou premier inventeur 
benis J.G. MESTDAGH 



Direct Telephone Calls to: (name and telephone number) 
James H. Morris 



Signa ture de 1' inventeur 




Date 

+ - ol 



^ SAINT MARTIN D ' URIAGE »_ FRANCE /^gys 



i^fatfonalite 
CBelgian/ 



Full name of sole or first inventor 



Inventor's signature 



Date 



Residence 



Citizenship 



gdresse Postaie 2595 Route du Bouloud 
;t38410 SAINT MARTIN D' URIAGE, FRANCE 



Post Office Address 



60 



^om complet du second co-inventeur, le cas echeant 

Gerard FARGERE 



Full name of second or joint inventor 




Date 



Domicile 



Inventor's signature 



Date 



Residence 



Nationality 
French - 



FRANCE /^X 



Citizenship 



Adresse Postale noi „ ^ , t> -n 

931 Route de Bellevue 

01280 PREVESSINS-M5ENS, FRANCE 



Post Office Address 



(Foumir les memes renscignements et la signature de tout co-inventeur 
supplemental.) 



(Supply similar information and signature for third and sub-sequent joint 
inventors.) 
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French Language Declaration 



Nom complet du troisieine co- inventor, le cas echeant 

jXMikael R. ISAKSS6F? 


Full name of third joint inventor, if any 


SignaftB^delflnventaiC-^ / / Date 


Inventor's signature 


Date 


Domicle f 

^LULEA, SWEDEN <^X" 


Residence 


Nationality 

Swedish^-' 


Citizenship 


Borgmastarevagen 7 
S-973 42 LULEA, SWEDEN 


Post Office Address 


Nom complet du quatrieine co-inventor, le cas echeant 


Full name of fourth joint inventor, if any 


Finna del quarto inventore Date 


Inventor's signature 


Date 


Domicle 


Residence 


Nationality 


Citizenship 


JAddresse Postaie 


Post Office Address 


rNom complet du cinquieine co-inventor, le cas echeant 


Full name of fifth joint inventor, if any 


Firma del secondo inventore Date 


Inventor's signature 


Date 


Domicle 


Residence 


National ite 


Citizenship 


Addresse Postaie 


Post Office Address 


Nom complet du sixieine co-inventor, le cas echeant 


Full name of sixth joint inventor, if any 


Firma del sesto inventore Date 


Sixth inventor's signature 


Date 


Domicle 


Residence 


Nationality 


Citizenship 


Addresse Postaie 


Post Office Address 



Page 4 of 4 



